Creep fatigue life prediction for engine hot section materials (isotropic) by Moreno, V.
CREEP FATIGUE LIFE PREDICTION FOR ENGINE HOT SECTION 
MATERIALS (ISOTROPIC)* 
Vito Moreno 
Prat t & Wh itney Engineering 
Un i Led Technologies Corporation 
The presentation wi l l  summarize the ac t iv i t i e s  performed during the f i r s t  
year of the NASA HOST Program, "Creep Fatigue Life Prediction for  Engine Hot 
Section Material s (Isotropic) ", being conducted by Prat t  & Whitney Aircraft. 
The program i s  a 5-year, two part e f for t  aimed a t  improving the high 
temperature crack in i t ia t ion  prediction technology f o r  as  turbine hot section 9 components. The two-year base program comprises the fo l  owing tasks: 
Task I - MateriaS/Coating/Component Selection and Acquisition 
Task I I - Screen Candidate Life Prediction Approaches 
Task 111 - Evaluate Best Candidate Life Prediction Approach 
Task IV - Reporting 
Significant r e su l t s  of the program produced thus fa r  are  l i s t ed  below. 
Task I - Material/Coating/Component Selection and Acquisition 
1. Cast B1900 + Hf and wrought IN 718 were selected as the base and 
al ternate  materials, respectively. 
2. A single heat of B1900 t Hf was obtained and t e s t  specimens 
fabricated. 
3. The material was characterized with respect to  grain s ize ,  y 1  size,  
carbide distribution, and dislocation density. 
4. Monotonic tens i le  and creep test ing has shown engineering properties 
within anticipated sca t te r  f o r  th is  material. 
5. Examination of the tens i le  t e s t s  has shown a transition from 
inhomogeneous "planar" s l  ip  within the grains a t  lower temperatures 
t o  more homogeneous matrix deformat ion. 
6. Examination of the creep t e s t s  has shown a transgranular f a i lu re  mode 
a t  1400°F and an intergranular f a i lu re  mode a t  1600°F and 1800°F. 
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Task I1 - Screen Candidate L i f e  P r e d i c t i o n  Approaches 
1. A s tudy  was conducted t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  t e s t  specimen 
geometry and f a b r i c a t i o n  process on f a t i g u e  l i f e .  As a  r e s u l t ,  a x i a l  
s t r a i n  c o n t r o l l e d  specimens were designed w i t h  a  smooth (no 
extensometer r i d g e s )  gage s e c t i o n  and f a b r i c a t e d  us ing  center less  
g r i n d i n g  fo l l owed  b y  l i g h t  e lec t ropo l i sh ing .  
2. A f a t i g u e  t e s t  m a t r i x  was es tab l ished t o  p rov ide  base l i ne  da ta  t o  
d e f i n e  crack i n i t i a t i o n  l i f e  as a  f u n c t i o n  o f  major va r i ab les  and f o r  
l i f e  p r e d i c t i o n  model eva lua t ion .  A  t o t a l  o f  43 f u l l y  reversed s t r a i n  
c o n t r o l l e d  f a t i g u e  t e s t s  have been completed. Major va r i ab les  
i nves t i ga ted  were temperature [871°C(16000F) vs  538°C(10000F)], 
s t r a i n  range and s t r a i n  r a t e .  
3. Examination o f  specimens du r ing  t e s t i n g  i nd i ca ted  t h a t  measurable 
76mm( (.030 in .  sur face cracks appear e a r l y  i n  t he  specimen l i f e  
i .e., 15% o f  t o t a l  1  i f e  a t  871°C(16000F) and 50% o f  1  i f e  a t  
538°C(10000F). Th i s  has been used as t h e  d e f i n i t i o n  o f  crack 
i n i t i a t i o n  f o r  the  i n i t i a l  model eva lua t i on  work. 
4. Observed crack i n i t i a t i o n  s i t e s  a r e  a l l  sur face i n i t i a t e d  and 
associated w i t h  e i t h e r  g r a i n  boundary carb ides or  l o c a l  p o r o s i t y .  The 
i n i t i a t i o n  l i f e  i s  n o t  s i g n i f i c a n t l y  a f f e c t e d  b y  the  character  o f  t he  
s i t e .  
5. Transgrannular c rack ing  i s  observed a t  t he  i n i t i a t i o n  s i t e  f o r  a l l  
cond i t i ons  tested. 
6. Gra in  d i s l o c a t i o n  s t r u c t u r e  i s  s i g n i f i c a n t l y  l e s s  than t h a t  observed 
i n  monotonic t e n s i l e  o r  creep tes ts .  
7. A r a n k i n g  procedure f o r  eva lua t i on  o f  t he  p r e d i c t i o n  models has been 
establ ished.  The procedure assigns a  numerical  score based on the 
amount o f  da ta  requ i red ,  t h e  p r e d i c t i v e  c a p a b i l i t y  and t h e  
a d a p t a b i l i t y  t o  engine re levan t  l oad ing  cond i t i ons  f o r  each model 
considered. 
Task I11 - Evaluate Best Candidate L i f e  P red i c t i on  Approach 
1. L i f e  p r e d i c t i o n  models rep resen ta t i ve  o f  macroscopic (Cof f  i n-Manson) 
and microscopic (Damage-Rate) approaches were se lec ted  f o r  
p r e l i m i n a r y  eva lua t i on  us ing  the  model rank ing  procedure developed i n  
Task 11. 
2. Using 1  im i ted  da ta  obta ined a t  871°C(16000F)-(2 s t r a i n  r a t e s )  and 
538°C(10000F)-(1 s t r a i n  r a t e ) ,  t he  macroscopic approach obta ined a  
h igher  o v e r a l l  score on t h e  bas i s  o f  data requirements and p r e d i c t i v e  
capab il ity.  
